Open heart surgery has previously been associated with the use of large volumes of blood products. This paper describes methods of blood conservation and a simple method of intraoperative autotransfusion that together have resulted in minimal blood product usage in elective open heart surgery cases. This has reduced our dependence on blood bank supplies for the performance of elective open heart surgery.
The need for homologous blood products for open heart surgery has placed a heavy load on blood bank supplies, and has occasionally restricted the amount of cardiac surgery that can be performed. The heavy blood product usage is related to a number of factors. Whole blood was originally used to prime cardiopulmonary bypass circuits. Since the late 1960s, blood has often been omitted from bypass circuits, and this has reduced bank blood usage. However, Roche and Strengle' in their survey of 88070 of institutions in the United States that were performing open heart surgery in 1971, found that the average blood usage per patient was nearly eight units. There are sources of blood loss during open heart surgery and consequent usage of bank blood that can be identified. Blood spilt at the operative site is often discarded as being unfit to return to the pump system. Blood remaining in the cardiopulmonary bypass circuit at the end of bypass is sometimes discarded and not rein fused into the patient. Also in the *F.F .A. R. A.C.S., Anaesthetist-Perfusionist **e.c.p., Perfusionist "'''c.c.P., Perfusionist ****C.c.P., Perfusionist "'**"F.R.A.C.S .• Director of Cardia-thoracic Surgery Unit postoperative period, whole blood is used to provide volume for a patient who might otherwise be satisfactorily transfused with other fluids. In addition several groups have shown that further savings of blood products can be made with the use of autotransfusion of blood collected in the prebypass period. 24 At the Alfred Hospital (where over 490 open heart cases are performed each year) we have instituted a modified form of autotransfusion and also conserved blood as vigorously as possible by attention to the sources of loss mentioned above. We measured the effect of this on our blood product usage.
Method:
The blood product usage was recorded in 100 consecutive patients undergoing open heart surgery and cardiopulmonary bypass between January and April 1979. (Table 1 .) Their mean age was 54 years (range 10-75) and weight was 71.8 kg (37-106). Three emergency operations for ruptured dissecting aneurysm of the thoracic aorta were excluded, and also one patient who died on the operating table.
The cardiopulmonary bypass circuit included either a Travenol microporous membrane oxygenator or a hard shell bubble oxygenator ( Protein Solution (SPPS) and Plasmalyte solution. The SPPS was used to coat the arterial line filter (Pall Ultipore) in order to prevent gradients developing across it. ACT estimation made. If the ACT had not returned to its preoperative level, then further small increments (25-50 mg) of protamine were given. At all times while the patient was heparinised, all blood spilt at the operative site was returned by cardiotomy suction through a dacron filter to the pump system. To measure the effect of this suction on the red blood cells, a plasma free haemoglobin estimation was made at the conclusion of bypass. Immediately after commencing bypass, and after mixing of the patient's blood with the pump prime, 500-700 ml of pump contents were withdrawn from the bypass circuit and stored at room temperature. This was then rein fused by the anaesthetist at the end of bypass.
The withdrawal of this volume generally coincided with the addition of the cardioplegic solution, since the cardioplegic solution was infused into the aortic root and returned to the pump system in the venous cannulae and in the left ventricular venting catheter. At the conclusion of bypass, the patient was transfused from the bypass system to an appropriate left atrial pressure. Then any prime remaining was transferred to a bag containing no additives and its protein content measured. The bypass circuit was then flushed with 2 litres of Plasmalyte solution, and the residual dilute prime solution centrifuged in acid citrate dextrose bags, and the cells retained for later transfusion. Volume replacement in the postoperative period was made with both the whole blood and centrifuged blood collected from the pump system, and for no patient was any of this blood discarded. Thereafter, bank blood was only used if the haematocrit was less than 32-33 per cent and spontaneous haemoconcentration was not expected to occur. Haemoglobin estimations were made preoperatively and at 24 and 48 hours postoperatively and at discharge. Patients were transfused in the late postoperative period if the haemoglobin fell below 10 grams per cent. Postoperative blood loss was measured until mediastinal drainage tubes were removed.
Results:
Blood product usage is presented in Table 3 . Twenty-three per cent of the patients received no homologous red cells in their entire hospital stay. The average amount of whole bank blood used was 1.32 units (range 0-8). Eleven patients Table 4 .
Mean postoperative blood loss was 554 ml (150-1325) over a period of 25 hours (12-64) in which the mediastinal drainage tubes were in place. Four patients (4.2070) were returned to the operating theatre for the control of haemorrhage. At the end of bypass the total protein concentration of the prime returned to the patient was a mean of 42 grams per litre. Plasma free haemoglobin was 13.6 mg per 100 ml per hour of bypass (1.74-34.9).
Discussion:
There is a tendency for members of cardiac surgical units to underestimate their blood product usage, because of the many different times in a patient's hospital stay that blood products may be necessary. This study demonstrates that a careful attitude to both blood conservation and blood usage can indeed result in low requirements for blood products in open heart surgery. Advantages for the patient of reduced usage of bank blood products include a lower risk of transfusion hepatitis and Anaesthesia and Intensive Care, Vol. Vlll , No. 2, May, 1980 transfusion reactions, and less likelihood of the lung damage that may be associated with the infusion of large volumes of homologous blood. The study also suggests that in the postcardiopulmonary bypass period, blood loss need not be large. It should be noted, however, that our patient population did not include an appreciable number of cyanotic congenital heart disease patients in whom clotting defects may precede corrective surgery5. Apart from careful surgical technique, our low postoperative blood loss may be attributed to carefully controlled use of heparin and protamine with intraoperative monitoring of heparin effect, and to the use of autologous blood. It has been previously demonstrated that the use of autologous blood and haemodilution can reduce blood loss, and the need for homologous blood transfusion after cardiac surgery2-4. Generally the method of autotransfusion used in these studies involves withdrawal of large volumes of blood (up to 15 per cent of the circulating blood volume), and replacement with either crystalloid or protein solutions. These large fluid shifts may cause changes in cardiac output and blood pressure. Also the method of blood collection may be important, and this can distract the anaesthetist or surgeon 6 • Our method is simple and involves only the perfusion personnel. The volume obtained, however, is not large, and the platelets and plasma proteins have already been diluted by the pump prime. The extent to which our form of autotransfusion contributed to our blood usage is uncertain, but better results may have been possible with a more standard technique of collection before bypass. The very low blood usage by Moran and his co-workers suggests this 4 although the blood usage of other groups using autotransfusion has been greater than ours (Table 5 ). In addition Moran et al. used a centrifuge in the operating theatre to separate the red cells in the residual prime from the plasma. Although they found that this centrifugation of the pump prime reduced blood usage, they did use appreciable amounts of fresh frozen plasma and albumin-containing solutions. They attributed the reduced postoperative bleeding in the centrifuged pump prime group to the absence of heparin rein fusion which occurs with the return of the uncentrifuged prime to the patient. We used small doses of protamine in the postoperative period to negate the effects of this heparin dosage. For our cases, an average of 1100 ml of whole pump prime was infused postoperatively, and this blood had an average total protein content of 42 grams per litre. The disposal of this plasma would result in a significant loss of protein. Currently in Australia, it is the proteincontaining blood components which are in shortest supply. We used very little proteincontaining solution postoperatively, most of the SPPS being used in the pump prime to prevent gradients developing across the arterial line filter. We did not experience any cases of severe left ventricular overload associated with the use of uncentrifuged prime blood, although this has been suggested as a possible hazard 4 .
The system we used for flushing remaining prime from the heat exchanger, arterial line filter and oxygenator resulted in the recovery of appreciable volumes of packed cells after the resulting dilute solution was centrifuged. The other method of blood conservation we undertook was that of returning all blood spilt in the pericardial cavity to the pump system. It has previously been shown that the blood removed by cardiotomy suction from the pericardial cavity is subject to haemolysis 7 ,8. As compared with other reports our plasma free haemoglobin levels are acceptable, and do not suggest that spilled blood should be discarded 8 • The stringent policy for the use of bank blood did not result in severe anaemia in the first 48 hours post-operatively. Although there was a tendency for the haemoglobin to decline thereafter, only eleven cases required late transfusion.
Despite the low blood product usage we have achieved for the usual elective open heart case, surgeons, anaesthetists and blood bank personnel must be aware of the unpredictable nature of postoperative blood loss, and ensure that supplies of blood products are available on an emergency basis, as is the case for other branches of major surgery.
However, the routine cross-matching of large volumes of fresh whole blood and of other blood products is not necessary.
